abnormality that often leads to the eventual development of diabetes. [3] Throughout Africa there are approximately 20 million repor ted cases of diabetes, although 62% of patients remain undiagnosed. [3] This suggests that a significant number of diabetics are at risk of developing chronic complications arising from abnormal blood glucose, and remain unaware of the treatment methods required to improve their prognosis until the manifestations are at an advanced stage. [1] Documenting the assumed prevalence of diabetes based on health care access and noting the distribution of facilities at which individuals can access healthcare is important for a number of reasons. The findings may confirm previously described differences in prevalence based on the degree of urbanisation of the population, [8] or may show an unexpected prevalence in certain districts, suggesting underdiagnosis or inaccurate assessment of the presence of risk factors for the development of diabetes. Describing the distribution of healthcare access will also enable more appropriate distribution of resources for the management of diagnosed patients, or may highlight the need for more intensive screening for possible undiagnosed cases of diabetes.
Objective
To determine the distribution, incidence, crude prevalence and prevalence of patients with diabetes mellitus in KZN and its districts during the 5-year period 2010 -2014, as measured by the number of patients presenting at public health institutions. In addition, the distribution of patients who defaulted from treatment and the difference between the districts in terms of economic status was calculated.
RESEARCH

Methods
The District Health Information System (DHIS) is the primary data collection system of the Department of Health in KZN. Data are routinely collected at all public healthcare facilities in the province and aggregated per facility, with no individual patient identifiers. Data collected by the DHIS for all patients with diabetes seen at public healthcare facilities in KZN from 1 January 2010 to 31 December 2014 inclusive were obtained and analysed after ethics approval from the University of KwaZulu-Natal ethics committee (HSS/0036/015M) and the KwaZulu-Natal Department of Health (HRKM 033/15).
The open-source database of the National Health Trust (NHT) was accessed for estimated medical scheme coverage. The South African Index of Multiple Deprivation (SAIMD) [9] was accessed for data on socioeconomic status of the districts of KZN and data to assess the relationship between diabetes and urbanisation.
In 2013, additional data collection fields were added to the DHIS database to document the number of diabetes patients who had defaulted treatment. The distribution of these patients among the districts of KZN was analysed to determine the degree of non-compliance and assess its relationship with mortality as recorded by the diabetes mortality estimates reported by Statistics South Africa in 2013. [4] Data were analysed using Microsoft Excel 2013, and pivot tables were generated to scrutinise the various and individual data points. Time series analyses conducted on several data categories provided insight into data trends and rates. Cross-sectional analyses were also conducted to understand the general dispersion of different variables, and to identify areas of high incidence as well as any anomalies requiring in-depth research. Graphical representation of the analyses was conducted using Think-Cell, version 6 software.
A normalised average would have been skewed with the inclusion of older data, so a true reflection of the current distribution of new cases of diabetes in KZN was drawn from the most recent 2 years (2013 and 2014). Data points closer to the start of the 5-year period could have contained extraneous factors that might have compromised the current distribution. Economic and social factors (e.g. urbanisation, employment trends and migration) could have changed fundamentally over the 5-year period, compromising the validity and robustness of the results. In order for policy recommendations to be properly formulated and deployed, the information presented needs to be the most recent reflection of the current state.
Data from the NHT were used to exclude private healthcare users and calculate the incidence of diabetes in the public sector. The total number of new patients recorded per district was divided by the public sector populations and then multiplied by 10 000 to allow for the comparison of whole numbers. The resulting incidence rates were represented per 10 000 patients.
Analysis of the prevalence rate over a 5-year period would have been ambiguous, as incidence rates between the years 2010 and 2014 were calculated in the study. In essence, by determining the incidence rate, the growth of the condition between the years analysed would ideally equal the rate of change of prevalence over the same time period. Nevertheless, it would be interesting to calculate the prevalence of diabetes over the time period analysed, if only to compare the change in prevalence rate found with that of the incidence rate, to determine the accuracy of data collection and capturing. Medical scheme coverage data were used to exclude the population of private health users from the denominator in order to determine the prevalence of diabetes in the public sector.
Various studies have estimated the proportion of undiagnosed diabetic patients at between 30% and 70% of the known diabetic population, but there are few existing data that take race and age into account. Using data from the South African National Health and Nutrition Examination Survey (SANHANES), the undiagnosed diabetic population was calculated to be 48% [10] and was used to calculate the estimated prevalence of diabetes.
Results Distribution
A normalised 2-year average (2013/2014) was used to represent the true distribution of diabetes mellitus in KZN and then converted to percentages, as displayed in Fig. 1 . The distribution ranged from 3% (uMkhanyakude) to 38.7% (eThekwini).
Incidence
This study found that ~50% of all patients newly diagnosed with diabetes mellitus from 2010 to 2014 were from the district of eThekwini. The incidence rate found in this study was expected to follow national and international trends of increasing annual incidence of diabetes; however, the results displayed a fluctuating incidence between 2010 and 2014. The fluctuation in the incidence rate can be observed from the increasing and decreasing percentage values found between the bars in Fig. 2 , each of which represents a year of data that was analysed. A drastic reduction in the incidence rate can be observed between the years 2010 and 2011, mainly owing to a change in the numbers of new patients recorded in the district of Amajuba. A second drop in the incidence rate is seen between 2012 and 2013. Analysis of incidence by age, recorded in 2013 and 2014, revealed that in all districts in both these years the number of newly diagnosed diabetics aged >19 years was higher than that of patients aged ≤19.
Prevalence
The crude prevalence of diabetes mellitus for KZN was calculated as 12.5% for the year 2014. Estimated medical scheme coverage for the province was 12.6%. It was therefore calculated that the provincial prevalence of diabetes in KZN in patients accessing the public health sector was 14.3%.
The estimated prevalence of diabetes in KZN of 34.1% implied that one in every three patients visiting a public health facility in the province had diabetes. This was factored into the estimated diabetes prevalence rates for KZN and the total diabetes prevalence rates for the districts (Figs 3 and 4 ). As seen in Fig. 4 , the estimated diabetes prevalence per district was as high as 43.5% in the district of uThungulu.
Defaulters
Normalised averages revealed that the district of eThekwini had the highest record of defaulting patients. However, a fluctuation in the trend of the number of defaulters recorded for 2013 and 2014 was seen; six districts experienced a decrease in the number of defaulters between the 2 years, four appeared to have an increase, and one experienced no change. Fig. 5 presents the data collected on the distribution and number of defaulters, numbers ranging from 898 to over 10 000. Fig. 5 also indicates the percentage difference between 2013 and 2014 by district.
Correlation coefficients were used to represent the linear interdependence of two variables or sets of data. Individual correlation coefficients between each socioeconomic domain [9] and the prevalence of diabetes in the public sector were calculated and are displayed in Table 1 , which shows that all correlations between diabetes prevalence and the socioeconomic domains yielded negative coefficients. The diabetes mortality rates for the districts of KZN for the year 2013 [4] were correlated with the diabetes defaulters recorded for that year and resulted in a correlation coefficient of 0.85.
Discussion
The incidence of diabetes mellitus in KZN fell by 56% between 2010 and 2014. This figure is not consistent with the literature, as many sources report a growing incidence 
Fig. 3. Diabetes prevalence rates (%) in KZN.
and prevalence of diabetes, especially on the African continent. [3] The fluctuation in the number of new patients diagnosed with diabetes could be attributed to inconsistent recording, possible capture errors and the misunderstanding of additional data collection fields. With regard to the incidence of diabetes by age profile, the results were consistent with the existing literature, indicating that the incidence and prevalence of diabetes in individuals aged >19 years is far greater than in those ≤19 years of age. [11] Data collection does not differentiate between the different types of diabetes, but it is safe to assume that the majority of older patients are type 2 diabetics. The distribution of diabetes by age in the districts of eThekwini, iLembe, uMgungundlovu, uMkhanyakude and uThukela showed that of patients with diabetes in these districts, >10% were aged <18 years, suggesting that the number of patients aged >19 is grossly underreported (assuming that the expected ratio of type 1 and 2 diabetics is valid in these populations and that most of the younger patients have type 1 diabetes [11] ). According to the study, 44 -54% of the total number of newly diagnosed diabetics for each year was recorded in the district of eThekwini.
This study found that the crude prevalence of diabetes for KZN was 12.5%, which is higher than the known national prevalence of 9.2%. [2] This may be attributed to the large population of Indians in KZN, [5] as Indians have been reported to have a genetic predisposition to type 2 diabetes. [12] Our findings are consistent with other epidemiological studies in SA that reported a prevalence of >12% in the Indian population. [13] The KZN prevalence rate in the public sector was 14.3%. The increase was expected, as the denominator was reduced owing to exclusion of the private health sector population.
Early detection of diabetes enables early intervention and the prevention of damaging and costly complications. The population of undiagnosed patients is thought to be high in African countries, where the minimum standard of diabetes care and screening is difficult to achieve. [3] Once the undiagnosed percentage of diabetic patients as found in the SANHANES study [10] was factored into the prevalence calculations done for this study, a diabetes prevalence of 34.1% was estimated for KZN. This implies that more than a third of patients seen at public healthcare facilities may have diabetes. An estimated diabetes prevalence of such magnitude further emphasises the urgent need for education, prevention initiatives, screening protocols, better management of the disease and its complications, the establishment of multidisciplinary teams, and an improved data collection system that will enable accurate measurement of disease progression.
The top five high-risk districts (eThekwini, uThungulu, uMgun gundlovu, Ugu and iLembe) were the only districts calculated to have an estimated total prevalence of diabetes above the estimated provincial total prevalence of 34.1%. eThekwini had the highest estimated total diabetes prevalence at 43.5%. Of the 11 districts of KZN, eThekwini is the most densely populated, is the only district to fall within the 5th (highest) socioeconomic quintile, and is highly urbanised. [14] In addition to the large Indian population (who, as mentioned above, have a predisposition to diabetes), eThekwini is home to a vast population of individuals who subscribe to the traditional African belief that obesity is a symbol of affluence and good health. [5, 12] All correlation coefficients of the deprivation domains and prevalence calculations yielded a negative result; hence, the more deprived or less urbanised an area, the lower the prevalence of diabetes.
Urbanisation, i.e. movement of the population into urban areas, has been thought to improve the standard of living by improving access to public healthcare, transport, stable housing and clean drinking water, but is not without its disadvantages. In developing countries such as SA, the infrastructure is often inadequate to support densely populated urban areas so there is an increase in environmental pollution and unemployment and the development of slums. According to a report released by the Department of Economic Development and Tourism in 2010, eThekwini is 45% urbanised and the rate is steadily increasing. [15] Along with the abovementioned disadvantages of urbanisation come a change in lifestyle and a consequent increase in the risk of type 2 diabetes. Factors such as infrequent physical activity owing to the use of motor vehicles as opposed to walking, and a change in diet to cheaper, more processed fast foods, are known to increase the risk of diabetes. [8] The categorisation of eThekwini as a high-priority district is further justified by the prevalence calculations highlighted in this study. The distribution of defaulting patients follows a similar trend, as the number of defaulting patients recorded was highest in the district of eThekwini.
The correlation coefficient of 0.85 between the diabetes mortality rate and the number of defaulting patients recorded for the same year infers a very strong positive relationship between the two variables. These findings support the theory that poor compliance with diabetes treatment leads to a poor prognosis. Alternatively, patients who died may have been reported as defaulters. This needs to be explored further in future studies.
Conclusion
With regard to the distribution of diabetes mellitus, the study findings indicate that the majority of diabetes patients on the public sector register (38.7%) were from the district of eThekwini. Similar results were found for calculations on incidence and defaulters, indicating that, with the exception of the incidence in the year 2010, the greatest incidence and largest proportion of defaulters occurred in eThekwini, while provincial calculations fluctuated between the years investigated. The provincial crude prevalence of diabetes was found to be 12.5%, increasing to 34.1% when members of private medical aids were excluded and an estimation of undiagnosed patients was factored into the prevalence calculations. Prevalence calculations by district revealed that the five districts with the highest prevalence calculations had readings above the provincial prevalence estimation. The trends identified by this study support the recurring global issue of the relationship between diabetes and urbanisation. It is also possible that districts with a higher deprivation score are illequipped to screen for diabetes and to record cases, and that residents of low socioeconomic status lack education on the importance of screening, resulting in a relatively low number of patients being recorded as having diabetes.
In conclusion, this article highlights the need for and importance of diabetes education, prevention initiatives, screening protocols, better management of the disease and its complications, the establishment of multidisciplinary teams and an improved data collection system particularly in the high-risk areas identified in this study.
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